The impact of using a Novel Tobacco Vapor (NTV) product on indoor air quality (IAQ) was simulated using an environmentally-controlled chamber. Three environmental simulations were examined; two non-smoking areas (conference room and dining room) and one ventilated smoking area (smoking lounge). IAQ was evaluated by (i) measuring constituents in the mainstream NTV product emissions, (ii) and by determining classical environmental tobacco smoke (ETS) and representative air quality markers. Analysis of the mainstream emissions revealed that vapor from the NTV product is chemically simpler than cigarette smoke. ETS markers (RSP, UVPM, FPM, solanesol, nicotine, 3-ethenylpyridine), volatile organic compound (toluene), carbon monoxide, propylene glycol, glycerol, and triacetin were below the limit of detection or the limit of quantification in both the nonsmoking and smoking environments after using the NTV product. The concentrations of ammonia, carbonyls (formaldehyde, acetaldehyde, and acetone), and total volatile organic compounds were the same levels found in the chamber without NTV use. There was no significant increase in the levels of formaldehyde, acetone or ammonia in exhaled breath following NTV use. In summary, under the simulations tested, the NTV product had no measurable effect on the IAQ, in either non-smoking or smoking areas.
Introduction
Environmental tobacco smoke (ETS) consists of both highly diluted and aged side-stream smoke, which is generated from the lit end of a burning cigarette, as well as mainstream smoke exhaled by the smoker (exhalation stream). ETS from the use of cigarettes can affect indoor air quality (IAQ) and has been widely investigated in various indoor areas of actual environments (Johnsson et al., 2006; Bolte et al., 2008; Vainiotalo et al., 2008; Arku et al., 2015) .
Over the past decade, there has been a rise in the availability of electronic cigarettes (e-cigarettes) as new alternatives to traditional tobacco products such as cigarettes (Pepper and Brewer, 2014; Brown and Cheng, 2014) . The chemical composition of the aerosol of e-cigarettes has been shown to be quantitatively different to that of conventional cigarette smoke (Margham et al., 2016) and exposure of bystanders to the chemicals in the exhaled ecigarette aerosol have been reported to be below current regulatory standards that are used for workplaces or IAQ in general (O'Connel et al., 2015) .
In parallel to the emergence of e-cigarettes, new types of tobacco products, in which tobacco is directly heated, but not combusted, during intended use, have emerged onto the market. Products in this category have been studied with respect to their mainstream emissions and toxicity (Dayan, 2016; Haziza et al., 2016a Haziza et al., , 2016b Haziza et al., , 2017 Kogel et al., 2016; Martin et al., 2016; Oviedo et al., 2016; Patskan and Reininghaus, 2003; Schaller et al., 2016a Schaller et al., , 2016b Sewer et al., 2016; Smith et al., 2016; Wong et al., 2016; Szostak et al., 2017) . The effects on IAQ have also been reported, using validated analytical methods , and consistently found to result in no significant increases, above background levels, for both volatile gas-vapor phase and particulate-phase ETS constituents (Tricker et al., 2009; Mitova et al., 2016) .
More recently, a Novel Tobacco Vapor (NTV) product, which generates an inhalable nicotine containing aerosol, has been developed and marketed in Japan. When using this product, a nicotine-free aerosol is generated which then passes through a tobacco-containing capsule. In British standard BS EN 15251:2007 specifies the indoor environmental parameters which have an impact on the energy performance of buildings. The standard is applicable mainly to non-industrial buildings where the criteria for indoor environment are set by human occupancy. The standard defines ventilation rates for smoking areas assuming 20% of the occupants smoking 1.2 cigarettes per hour.
International Organization for Standardization standard ISO 16814 (2008) , is intended to specify methods to express the quality of indoor air suitable for human occupancy. The document does not prescribe a specific method but refers to existing methods in the US and Europe.
Finally, the World Health Organization (WHO) provides specific values for individual chemicals in their air quality guidelines for Europe (WHO Regional Publications, European Series, No.91, 2000) .
In this study, three scenarios were chosen to simulate indoor air quality in two non-smoking and one ventilated smoking areas by using an environmentally-controlled chamber. The selected parameters and parameter settings were based on ANSI/ASHRAE ® standard 62-2001 (2001) and British standard (BS EN 15251:2007 and are summarized in Table 1 . The air requirements for the different enclosed spaces included two types of ventilation: (i) "A base ventilation rate for an ETS-free area (i.e., a non-smoking room)" and (ii) "extra ventilation added to the base ventilation rate for an ETS-area". ANSI/ASHRAE ® standard 62-2001 (2001) was considered more applicable to public place simulations than the British standard when considering the proportion of smokers and cigarette consumption rate. For the ETS-area, the differences between "Dining room 1" and "Dining room 2" were in the number of smoking occupants (0.5 for dining room 2, 0.2 for Dining room 1). The proportion of smokers relates to total cigarette consumption rate, so that the two proportions correspond with total cigarette consumption rates of "Dining room 2" of 21 cigarettes/h and 8.4 for "Dining room 1", respectively (see Table 1 ). For the three different applications, the ventilation rate requirements to let in outdoor air were 64.8, 57.6, and 118.8 m 3 /h person for the "Dining room 2", "Conference room", and "Smoking lounge", respectively.
Ventilation rates calculated in accordance with British standard EN 15251:2007 were as follows. The ventilation rate for the conference room, as an ETS-free area, ranged from 15.8 to 39.6 m /(h person) in a polluted building. The ventilation rates for the restaurant (corresponding to "Dining room 2"), as ETS-free area, ranged from 16.2 to 40.5 m 3 /(h person) in a very low-polluted building, from 17.3 to 43.2 m 3 /(h person) in a low-polluted building, and from 19.4 to 48.6 m 3 /(h person) in a polluted building.
The base ventilation rate for "Dining room 2" corresponded to category I and II for a very low-polluted building or for a low-polluted building and category II for neither very low-nor low-polluted building. The base ventilation rate for the "Conference room" corresponded to category II for a very low-polluted building or low-polluted building, and between category II and III for neither very low-nor low-polluted building.
The total cigarette consumption rate of 21 (cigarettes/h) shown in "Dining room 2" of ANSI/ASHRAE ® standard 62-2001 (2001) was 1.3 times larger than that of British standard (16 cigarettes/h; EN 15251:2007 EN 15251: , 2007 . The total cigarette consumption rate of 11 cigarettes/h shown in the "conference room" of the ANSI/ASHRAE ® standard 62-2001 (2001) was almost the same as that of British standard (12 cigarettes/h; EN 15251:2007 EN 15251: , 2007 . Considering the disparities mentioned, harmonized standards and/or guidelines for IAQ may be needed for a consistent evaluation when assessing e-cigarettes and/or other alternative tobacco products.
Selected contaminants for buildings ANSI/ASHRAE
® standards 62-2001 (2001), 62.1-2007 (2007) and 62.1-2016 (2016) also summarize indoor environmental factors, such as carbon monoxide (CO), carbon dioxide (CO 2 ), formaldehyde, particulate matter PM 2.5 , PM 10 , and total particulate matter.
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The concentrations of indoor air constituents, set or proposed by national or international organizations, can be summarized as follows: CO concentrations from 9 ppm to 50 ppm (not to be exceeded more than once per year, or per 8 h) as enforceable and/or regulatory levels, and 10 ppm-35 ppm as guide lines and reference levels; CO 2 concentrations of 5000 ppm as enforceable and/or regulatory levels, and from 3500 ppm to 5000 ppm as guidelines and reference levels; formaldehyde concentrations from 0.3 ppm to 0.75 ppm as enforceable and/or regulatory levels and from 0.016 ppm (0.020 mg/m ) as maximum indoor air concentrations, the environmental temperature from 17°C to 28°C, and relative humidity from 40% to 70%, for the maintenance of sanitation in buildings in Japan. The concentration values of CO and CO 2 defined by the Act on Maintenance of Sanitation in Buildings in Japan were similar to those defined by ANSI/ASHRAE ® standard 62-2001 (2001) .
Novel tobacco vapor (NTV) product
Details of the Novel Tobacco Vapor (NTV) product are shown in 1 It should be noted that the smoking applications has been removed from ANSI/ ASHRAE ® standard 62. 1-2007 (2007) and the later version. In ANSI/ASHRAE ® standard 62. 1-2007 (2007) and ANSI/ASHRAE ® standard 62. 1-2016 (2016) , the minimum ventilation rates in the breathing zone for ETS-free areas are shown instead of overall required ventilation rates. Fig. 1 . The NTV product is composed of three modules: (a) a capsule containing tobacco granules (tobacco capsule), (b) a cartomizer, as aerosol generator, containing an electric heating coil and a wick saturated in liquid, as aerosol source, and (c) a battery which consists of a rechargeable battery, an electronic circuit, and a light emitting diode (LED) mounted at the tip. To use the product, the tobacco capsule (a) is inserted into the open end of the cartomizer (b). The cartomizer is then connected to the battery (c) by a screw connector to allow electric power to be supplied to the heating coil. The "NTV device" consists of a combination of (b) and (c), and the "NTV product" or "NTV device with tobacco capsule" comprises of (a) through (c).
The NTV product generates an aerosol for a maximum effective working time of 2.4 s per puff and a total of 600 s for one cartomizer. The tobacco capsule is replaced after 50 puffs (2.4 s per puff and 120 s in total). The user is made aware of when to replace the tobacco capsule by a blinking LED light after each 120 s of puffing. When the NTV product is puffed according to ISO Standard 3308 (International Organization for Standardization, 2012 ; puff volume of 35 mL, puff duration of 2 s, bell-shaped puff profile) the LED starts blinking after approximately 85 puffs.
Conventional combustible cigarette as reference cigarette
A commercial cigarette sold on the Japanese Market was used as reference. The specifications of the cigarette were as follows: 6 mg tar, 0.5 mg nicotine, regular taste (i.e., no addition of menthol), a total length of 84 mm including filter (cellulose acetate filter and charcoal filter), and a market share of ca. 3% in 2015 (Tobacco Institute of Japan, 2016). The 3% means popular and representative cigarette brand in Japan.
Mainstream and sidestream emissions
Collection and analysis of chemical constituents in mainstream and sidestream emissions was conducted at Labstat International ULC (Labstat; Kitchener, Ontario, Canada).
NTV product and cigarettes were puffed according to ISO 3308 (2012), ISO 3402 (1999), and ISO 4387 (2000). The NTV product was puffed 85 times, which corresponds to 120 s maximum usage time per tobacco capsule when applying ISO 3308 (2012). Emissions generated from the NTV product evaporated quicker than cigarette smoke and no neoprene washers were used during puffing to prevent any loss of chemical constituents between the outlet of the NTV product and the aerosol collection filter. For the collection of sidestream emissions, 85 puffs were taken from the NTV product to ensure aerosol generation whereas cigarettes were puffed only once to initiate the burning of tobacco.
Mainstream and sidestream constituents were selected following the Health Canada reporting requirement (Health Canada, 2000): Total particulate matter (TPM), nicotine, water, carbon monoxide (CO), H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) ) with a stainless steel inner wall, electrical lights on the ceiling, a window, and a door. A maximum of six persons could occupy the chamber at the same time. One electric fan, with rotational body, hung from the ceiling of the chamber and two electric fans were placed on the floor of the chamber, to disperse the cigarette smoke or NTV aerosol in order to obtain a uniform emission/smoke concentration in the chamber. The outside air was air-conditioned, filtrated through a high-efficiency particulate air (HEPA) filter, and introduced into the chamber as supply air through rectangular air openings in the ceiling. Both temperature and relative humidity were controlled outside the chamber to prevent any particle losses (e.g., particle deposition loss and/or particle filtration loss) that would be caused by the air-conditioner if it were placed inside the chamber.
Temperatures outside and inside the chamber throughout this study were 21.5°C ± 1.0°C and 23.6°C ± 1.4°C, respectively ( ± standard deviation). Relative humidity outside and inside the chamber throughout this study were 34.7% ± 6.0% and 30.9% ± 5.4%, respectively ( ± standard deviation). Since the temperature inside the chamber was slightly higher than outside the chamber, the relative humidity inside the chamber was slightly lower than outside. The outside air and inside air were continuously sampled (S) to measure the air quality of S outside (or S supply ) and S exhaust, as shown in Fig. 2 . The concentrations (C) sampled at S outside (or S supply ) and S exhaust corresponded to the background concentration (C BG ) and C exhaust . To prevent contamination, supply air constituents were sampled at S outside, except for suspended particulate matter (SPM) which was measured with an inline monitoring system and which had a lower diffusion coefficient than vapors or gases.
Environmental simulations for the evaluation of IAQ in the chamber
The environmental simulations were calculated relative to the size of the environmental chamber and summarized in Table 2 . Original "Dining room 2" and "Conference room" for ETS area must be ventilated by sum of base-and extra-ventilation rate (the base ventilation rate is for non-smoking area, the extra ventilation rate must be added for smoking area). Ventilation rates of the renamed "Dining room 2 rev" and "Conference room rev" were revised from smoking area condition to non-smoking area condition by removed the extra ventilation rate. Since the purpose of this study was to investigate the impact of NTV on IAQ for the ETS-free areas, only base ventilation rates of 36 and 28.8 m 3 /(h person) were chosen for the calculations of "Dining room 2 Table 2 Experimental simulations, for this IAQ study, which were calculated to fit the size of environmental chamber according to the results shown in Table 1 . Measurement period of 1 h. *: only base ventilation (to simulate smoking-prohibited area). **: sum of base ventilation and extra ventilation (to simulate smoking-permitted area). ***: NTV consumption rate of 1 was assumed to be 8 puffs which was the average puff number of a cigarette (Ministry of Health, Labour and Welfare in Japan, 2001).
Smoking-
H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 rev" and "Conference room rev", respectively (marked with an asterisk "*" in Table 1 ). ). Occupants per chamber area were calculated from the floor area (m 2 ) per person shown in Table 1 . Smokers per chamber were calculated from "occupants per chamber area" multiplied by "proportion of smokers of all occupants per chamber area". In this study, the number of smokers and the cigarette consumption rates (cigarettes/(h person) were rounded up to the next full number to prevent underestimation. For example, the calculated number of smokers of 2.8 (persons) and the cigarette consumption rate of 0.6 (cigarettes/(h person)) were rounded up to those of 3 and 1, respectively. The NTV consumption rate of 1 (NTV products/(h person)) was defined on the basis of average puff numbers for various cigarette brands sold in the Japanese market. The average puff number of 7.4 puffs per cigarette (Ministry of Health, Labor and Welfare in Japan, 2001) was rounded up to 8 puffs to avoid underestimation. Although 8 puffs per NTV product were assumed to be equivalent to the puffs per cigarette, the NTV consumption rate was set two times higher (i.e. = × puffs 16 puffs 2 8
h person cigarettes ) to avoid underestimation in consumption (see Table 2 ). Air ventilation rates were calculated depending on the occupant density (persons/area), including non-smokers and smokers within 8 m 2 (see Table 1 ).
IAQ measurement procedure in the chamber
The procedure to measure IAQ in the environmental chamber was as follows: The air inside the chamber was ventilated at 1000 m 3 /h for 15 min with the door closed (a ventilation time of 10 min was sufficient to clean the chamber). The ventilation rate inside the chamber was set to "Dining room 2 rev", "Conference room rev", or "Smoking lounge" until the CO 2 concentrations of the exhaust air inside the chamber was the same as that of the outside air. Only members of a smoker panel stayed and smoked cigarettes or used the NTV product inside the chamber, while non-smokers did not stay to prevent any exposure to NTV or cigarette smoke emissions. For the NTV product, new tobacco capsules and cartomizers were used in each IAQ experiment. The tobacco capsules were regular taste (i.e., a non-menthol taste). When the smoker panel started using the products, measurements started simultaneously. Although the puffing frequencies (i.e., interval between puffs) per product and individual were different, all product users stopped after 35 min for "Dining room 2 rev", 20 min for "Conference room rev", and 50 min for "Smoking lounge". Measurements were continued for 1 h. Product users left the chamber and the chamber was ventilated for the next IAQ experiment. Four different scenarios were examined for each simulation; "Without person", "With person", "NTV product with person", and "Conventional cigarette with person". "Without person" corresponded to no person present in the chamber, "With person" meant that persons were present but did not use the NTV product or conventional cigarette in the chamber, "NTV product with person" indicated that persons used the NTV product in the chamber, and "Conventional cigarette with person" indicated that persons smoked conventional cigarettes in the chamber. Each scenario for each environmental simulation was replicated three times.
Chemical analyses for IAQ inside the chamber
Constituents in indoor air were determined by (1) the detected constituents in NTV product emissions (i.e., mainstream), (2) ETS markers, and (3) the following representative air quality markers:
(i) Particulate phase markers related to tobacco smoke Respirable suspended particles (RSP) mass (using gravimetric measurement), ultraviolet particulate matter (UVPM) and fluorescent particulate matter (FPM) were determined by ISO 15593 (2001). Solanesol was determined by using ISO 18144 (2003) . Air samples were passed through a polytetrafluoroethylene (PTFE) filter, without using an impactor or cyclone. Consequently, RSP, UVPM, FPM, and solanesol included non-respirable particles larger than 4 μm in aerodynamic diameter to overestimate the mass. The air sampling flow rate was 3 L/ min. The limit of detection (LOD) and limit of quantification (LOQ) of RSP were determined by using three times and ten times the standard deviation of the mean weight, respectively, calculated from five replicates.
(ii) Suspended particulate matter (SPM) SPM was measured with a Piezobalance Dust Monitor 3521 (Kanomax Japan Inc., Osaka, Japan) equipped with a particle impactor which captured and removed particles larger than 10 μm in diameter with a 98% efficiency. The aerosol sampling flow rate was 1 L/min with a data sampling cycle of 1 min. In only this measurement, supply air was sampled at S supply shown in Co. LLC., St. Louis, MO, USA) at a flow rate of 1.0 L/min to absorb both constituents. Nicotine and 3-ethenylpyridine were extracted, from the ORBO™ 613, with ethyl acetate containing quinoline (the internal standard), and were quantified with a gas chromatograph coupled to a nitrogen phosphorus detector (GC-NPD) (6890N, Agilent Technologies, Santa Clara, CA, USA).
(iv) Volatile organic compounds (VOC) and total volatile organic compounds (TVOC)
VOCs and TVOC were determined by ISO 16000-6 (2004) . Air samples were fed into a tube with an absorbent (Air Toxics™ glass prepacked ATD tubes, SUPELCO ® , Bellefonte, PA, USA, and Sigma-Aldrich Co. LLC., St. Louis, MO, USA) at an air sampling flow rate of 50 mL/min. The Air Toxics™ absorbtion efficiency was the same as that of the Tenax TA ® for organic compounds, i.e. in the range of six to sixteen carbons. Constituents of VOCs were measured with a gas chromatograph mass spectrometer (GC-MS) (Clarus 600, Perkinelmer, Inc., MA, USA) coupled to a thermal desorber (TurboMatrix 650 ATD, Perkinelmer). TVOC was determined with a gas chromatograph mass spectrometer (GC-MS) (7890A, 5975C, and DB-1, Agilent Technologies, Santa Clara, CA, USA) coupled with thermal desorption (TD-100, Markes International Ltd, RCT, UK).
(v) Low molecular weight carbonyls Carbonyls (formaldehyde, acetaldehyde, and acetone) were measured with ISO 16000-3 (2001) . Air samples were passed through an InertSep™ mini AERO DNPH (GL Sciences Inc., Tokyo, Japan) at a flow rate of 0.5 L/min to adsorb carbonyls. The mini AERO DNPH is a plastic capsule filled with silica granules coated with 2,4-dinitrophenylhydrazine DNPH. The three types of carbonyls absorbed by DNPH were extracted with gradient grade acetonitrile for high performance liquid chromatography (HPLC). The extracted carbonyl solution was quantified with HPLC and ultraviolet (UV) LC600 light (GL Sciences Inc., Tokyo, Japan).
(vi) CO and CO 2 H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 Table 3 Measured chemical constituents in mainstream emission generated from the NTV product and conventional cigarette. H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 CO and CO 2 were measured with a carbon monoxide/dioxide meter COX-3 (Sibata Scientific Technology Ltd., Saitama, Japan) with an air sampling flow rate of 0.4 ± 0.1 L/min and a data sampling cycle of 1 min. To determine the concentrations of CO and CO 2 , the signal response of electrolysis and Non-Dispersive Infrared (NDIR) sensors, respectively, were quantified. Each COX-3 was connected to each sampling point with Tygon ® tubing. The LOD and LOQ were determined by three times and ten times the standard deviation of the measured concentrations, respectively. Standard gas (CO of 2.02 ppm, CO 2 of 192 ppm, and balance air, Taiyo Nippon Sanso Corporation, Shinagawa, Tokyo, Japan) were used to measure the concentrations of CO and CO 2 for 5 min and were repeated 10 times to determine the LOD and LOQ.
(vii) NTV product specific emissions (propylene glycol, glycerine, triacetin)
Propylene glycol, glycerol, and triacetin were measured as follows. Air samples were passed through a glass fiber filter with diameter of 44 mm (80202851, Borgwaldt KC GmbH, Hamburg, Germany) at a sampling flow rate of 3 L/min. Propylene glycol, glycerol and triacetin were collected on the filter and extracted with 2-propanol containing noctadecane as an internal standard. Concentrations were determined using gas chromatography coupled to a flame ionization detector (GC-FID) (7890B GC System, Agilent Technologies, Santa Clara, CA, USA) and a polyethylene glycol (PEG) column (Agilent J&W DB-WAX). The LOD and LOQ were determined with the FID signal noise, and corresponded to three times and ten times the standard deviation of the noise data, respectively. Temperatures inside and outside the chamber were measured in a data sampling cycle of 10 min. Relative humidity was measured in the same manner.
Chemical analyses of exhaled air
To investigate the effect of the use of the NTV on IAQ in more detail, the exhaled air from 23 subjects was analyzed. Nicotine, formaldehyde, acetone, and ammonia were selected as they were measured above LOQ in mainstream emissions from the NTV product. The sampling system for the exhalation consisted, in series, of a mouthpiece, a 44 mm diameter glass fiber filter (80202851, Borgwaldt KC GmbH, Hamburg, Germany), an impinger with liquid absorbent, an electrically-driven three way valve, and a suction pump at a flowrate of 5 L/min. The person exhaled into the mouthpiece. 2-propanol (10 mL) was used as liquid absorbent for nicotine, 0.1 N-H 2 SO 4 (15 mL) for ammonia, and DNPH (20 mL) for formaldehyde and acetone.
Nicotine, ammonia, formaldehyde and acetone were analyzed by using GC-FID (7890 GC System, Agilent Technologies, Santa Clara, CA, USA), IC (DIONEX™ ICS3000, Thermo Fisher Scientific Inc., Waltham, MA, USA), and ultra-high performance liquid chromatography (UHPLC) (LC1290 Infinity 2, Agilent Technologies, Santa Clara, CA, USA), respectively.
Participants were asked to refrain from smoking cigarettes from the time they woke up in the morning until the end of the exhalation measurements to prevent contaminations originating from cigarette smoke. To measure background levels of exhalations, each exhalation before puffing of the NTV was collected by the sampling system and repeated 10 times with a frequency of 30 s (10 exhalations). Ten 27.1
Abbreviations: LOD, limit of detection; LOQ, limit of quantitation; Mean, arithmetic mean; NTV product, Novel Tobacco Vapor product; PAH, polycyclic aromatic hydrocarbons; TPM, total particulate matter; 95% CI, 95% confidence interval. The data collected were categorized into according to four manners criteria as follows.
(1) If measured all data were higher than LOQ, arithmetic mean and its 95% CI were given, and the data between "Smoking blank" and "NTV product" or the data between "Cigarette" and "NTV product" for constituent amounts per a puff (i.e., amounts which normalized by each total puff number) were statistically tested by F-test for equality of variance and by t-test for statistical significant difference (p = .05 and two-sided test). For "NTV product", †: statistical significant difference. For "Cigarette", †(+): Constituent amount of "Cigarette" was greater than NTV product with statistical significant difference, †(−): Constituent amount of "Cigarette" was smaller than NTV product with statistical significant difference.
(2) If median was higher than LOQ but at least one value was below the LOQ, the median was given and its 95% CI was not mentioned.
(3) If median was lower than LOQ and equal to or higher than LOD, " < LOQ″ was given.
(4) If median or all data was/were lower than LOD, " < LOD″ was given. *: Statistical tests for the data between "Smoking blank" and "NTV product" or the data between "Cigarette" and "NTV product" weren't conducted because at least one value was below the LOQ.
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exhalation samples were collected for each analysis of nicotine, ammonia and for formaldehyde plus acetone. After the background measurements, each exhalation just after each puffing-inhalation of the NTV was collected according to the same procedure mentioned above. After 10 exhalations, the panel person rinsed their mouth with drinking water to prevent chemical contaminations before sampling of the next 10 exhalations.
Results and discussions

Chemical constituents in mainstream emissions
The chemical constituent concentrations in the mainstream emissions were assessed from both the NTV product and from conventional cigarettes. The data collected were categorized according to four criteria (see footnote in Table 3 ). If the measured data were higher than the LOQ, the arithmetic mean and its 95% confidence interval (95% CI) were given, and the data were statistically tested by F-test for equality of variance and by t-test for significant difference (p = .05 and twosided test).
Concentrations of the "smoking blank" (air from the environmental chamber) and "NTV product" are shown in Table 3 as constituent mass per collection and the concentrations of conventional cigarettes as constituent mass per cigarette. TPM corresponded to the total weight of materials collected on the filter. The calculated TPM values per puff were 1.04 mg for the NTV and 1.02 mg for the cigarette. Fig. 3 shows the ratio of chemical constituents in TPM from the NTV and cigarettes. On a per puff basis, the chemical constituents of the NTV product TPM greatly differed from that of cigarette. Propylene glycol, glycerol and water accounted for 84.4% of the NTV product's TPM. In contrast, chemical constituents other than water, nicotine, propylene glycol, glycerol, and triacetin accounted for 76.6% of the cigarette's TPM. Other cigarette smoke-specific constituents were found at lower proportions in the TPM from NTV mainstream emissions (NTV others 7.9%; cigarette others: 76.6%). Furthermore, the levels of these other constituents were quantitatively lower in NTV emissions compared to cigarette smoke.
In NTV emissions, concentrations of nitrogen oxides, volatiles, semivolatiles, and polycyclic aromatic hydrocarbons (PAH) were all below the LOD. For carbonyls all concentrations were also below the LOD, except for formaldehyde and acetone. The formaldehyde concentration of the NTV product was similar to the concentration in the smoking blank (p = .0001). When subtracting smoking blank concentrations as background concentration from the formaldehyde with a median of 5.55 μg/collection (0.065μg/puff), the mass of formaldehyde was 0.58 μg/collection (0.0068 μg/puff). Acetone, with a median of 5.86 μg/ collection (0.069μg/puff), ranged from 1.69 (LOD) to 5.64 (LOQ) μg/ collection in the smoking blank. The 0.069μg/puff was 1/256 of conventional cigarette (17.7μg/puff). When subtracting smoking blank concentrations as background concentration from acetone with the median of 5.86 μg/collection, the mass of acetone ranged from 0.22 to 4.17μg/collection (from 0.0026 to 0.049 μg/puff). Although the concentrations around the LOQ of formaldehyde and acetone could be greatly affected by the environmental background air, which changed day by day, it could be concluded that there were no significant differences between the smoking blank and the NTV product emissions for formaldehyde and acetone.
Ammonia measured from the NTV product was 11.5 μg/collection (0.14 μg/puff), one fifth of that from a conventional cigarette (0.72 μg/ puff). All aromatic amine concentrations were quantified at around the LOQ, but the concentrations were lower than those in the smoking blank. Therefore, these constituents are likely to have originated from the experimental environment. All concentrations of phenolic compounds, tobacco specific nitrosamines, and metals were below their respective LODs.
3.2. Chemical constituents in the sidestream emissions generated from the NTV product Table 4 shows the results of the chemical constituents generated from the NTV product during sidestream emission testing. The measured data were calculated and statistically tested as described in section 3.1. All the chemical constituents emitted from NTV product were the same as the air blank (pyridine: p = .9210, formaldehyde: p = .8146, acetaldehyde: p = .1801, and chromium: p = .1572). These results clearly showed NTV generated no sidestream emissions.
TPM, pyridine, formaldehyde, acetaldehyde, and chromium had no significant differences in the data between "Air blank" and "NTV product".
Effect on indoor air quality in "dining room 2 rev"
The results of the indoor air analysis from the "Dining room 2 rev" simulation with only base ventilation were shown in Table 5 . The measured data were statistically tested as outlined in section 3.1. The C exhaust and C BG corresponded to the concentrations measured at the S exhaust inside the chamber and at the S outside , respectively.
When the "NTV product with person" was investigated, the C exhaust of all ETS markers (RSP, UVPM, FPM, Solanesol, nicotine, and 3-ethenylpyridine) were below the LOD or LOQ.
The presence of people in the chamber slightly raised the C exhaust of formaldehyde in comparison to the background concentration C BG (p = .014). However, during the NTV product testing ("NTV product with person"), the C exhaust of formaldehyde was the same as the C exhaust of the "With person" (p = .677) scenario where no product was tested. There was no effect of people on the C exhaust of acetaldehyde ("With person") in comparison with the C BG (p = .510) and the C exhaust (p = .951) of an empty chamber ("Without person"). The NTV product did not have an effect on the C exhaust of acetaldehyde either, in comparison with the background concentration C BG (p = .539) and the H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 Abbreviations: LOD, limit of detection; LOQ, limit of quantitation; Mean, arithmetic mean; NTV product, Novel Tobacco Vapor product; PAH, polycyclic aromatic hydrocarbons; TPM, total particulate matter; 95% CI, 95% confidence interval. The data collected were categorized into according to four manners criteria as follows.
(1) If measured all data were higher than LOQ, arithmetic mean and its 95% CI were given, and the data between "Air blank" and "NTV product" were statistically tested by F-test for equality of variance and by t-test for significant difference (p = .05 and two-sided test). †: significant difference.
(2) If median was higher than LOQ but at least one value was below the LOQ, the median was given and its 95% CI was not mentioned. (3) If median was lower than LOQ and equal to or higher than LOD, " < LOQ″ was given.
(4) If median or all data was/were lower than LOD, " < LOD″ was given. *: Statistical tests weren't conducted because at least one value was below the LOQ.
H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 "With person" C exhaust (p = .492). The presence of people slightly raised the C exhaust of acetone ("With person") when compared to the C BG (p = .007) and the C exhaust (p = .006) of an empty chamber ("Without person"). However, the NTV had no effect on the C exhaust of acetone in comparison with the C exhaust "With person" (p = .585). C exhaust measurement of the VOC during the "NTV product with person" scenario was below the LOD. The C exhaust of the TVOC was below the LOQ. Each C exhaust of NTV product specific compounds (propylene glycol, glycerol, and triacetin) was below the LOD.
The C exhaust of CO was also below its LOD when the NTV product was used. An effect was noted on the C exhaust of CO 2 "With person" in comparison with the C BG (p = .002), however, the use of the NTV product had no effect on the C exhaust ("NTV product with person") when compared to the C exhaust "With person" (p = .802). Even the C exhaust of CO when cigarettes were smoked was clearly below the upper limit level of 9 ppm described in ASHRAE ® standard 62. 1-2007 (2007) .
When testing the C exhaust of ammonia "With person" in comparison with the C BG (p = .225) and C exhaust "Without person" (p = .209) there 0.9 ± 0.3 1.3 ± 1.0 0.6 ± 0.3 1.0 ± 0.6 0.2 0.5 1.0 ± 0.2 6.0 ± 5.4 9.9 ± 2.1 110 ± 56 † † SPM (mg/m 3 ) < 0.01 < 0.01 < 0.01 * < 0.01 * Measurable low concentration of 0.01 (Uncertainty ± 10%) < 0.01 < 0.01 < 0.01 * 0.16 ± 0.03 * Abbreviations: ETS, environmental tobacco smoke; FPM, fluorescent particulate matter (expressed as scopoletin equivalents); LOD, limit of detection; LOQ, limit of quantitation; RSP, respirable suspended particles; TPM, total particulate matter; UVPM, ultra-violet particulate matter (expressed as 2,2′,4,4′-tetrahydroxybenzophenone equivalents); VOCs, volatile organic compounds; ppm, part per million volume basis; RSP, respirable suspended particles; SPM, suspended particulate matter (particle sizes equal to or below 10 μm); 95%CI, 95% confidence interval. The data collected were categorized into according to four manners criteria as follows.
(1) If measured all data were higher than LOQ, arithmetic mean and its 95% CI were given, and "With person" data between C exhaust and C BG , C exhaust data between "NTV product with person" and "With person", or C exhaust data between "Conventional cigarette with person" and "With person" were statistically tested by F-test for equality of variance and by t-test for significant difference (p = .05 and two-sided test). †: significant difference † †: significant difference when p = .05 and single-sided test for ammonia of "Conventional cigarette with person".
H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 was no effect due to the presence of people in the chamber. The NTV product also had no effect on the C exhaust of ammonia ("NTV product with person") when compared to the C exhaust "With person" (p = .251). The C exhaust of SPM during the "NTV product with person", was below the measurable concentration except when cigarettes were smoked. The results for the conventional cigarette can be summarized as follows. Each constituent level increased except those for propylene glycol, glycerol, triacetin, and CO 2 .
Using the NTV product had no effect on the indoor air quality, as demonstrated by measuring ETS parameters in the "Dining room 2 rev" simulation with base ventilation only and with doubling the puff number for NTV compared to the conventional cigarette.
Effect on indoor air quality in "conference room rev"
The results of the IAQ assessment in the "Conference room rev" simulation with only a base ventilation rate are shown in Table 6 . The measured data were statistically tested as outlined in section 3.1. Results for "Conference room rev" were similar to those found for "Dining room 2 rev". Abbreviations: ETS, environmental tobacco smoke; FPM, fluorescent particulate matter (expressed as scopoletin equivalents); LOD, limit of detection; LOQ, limit of quantitation; RSP, respirable suspended particles; TPM, total particulate matter; UVPM, ultra-violet particulate matter (expressed as 2,2′,4,4′-tetrahydroxybenzophenone equivalents); VOCs, volatile organic compounds; ppm, part per million volume basis; RSP, respirable suspended particles; SPM, suspended particulate matter (particle sizes equal to or below 10 μm); 95%CI, 95% confidence interval. The data collected were categorized into according to four manners criteria as follows.
(1) If measured all data were higher than LOQ, arithmetic mean and its 95% CI were given, and "With person" data between C exhaust and C BG , C exhaust data between "NTV product with person" and "With person", or C exhaust data between "Conventional cigarette with person" and "With person" were statistically tested by F-test for equality of variance and by t-test for significant difference (p = .05 and two-sided test). †: significant difference.
H. Ichitsubo, M. Kotaki Regulatory Toxicology and Pharmacology 92 (2018) 278-294 When the NTV product was used ("NTV product with person"), all C exhaust ETS markers (RSP, UVPM, FPM, solanesol, nicotine, were below LOD and LOQ.
The C exhaust of formaldehyde in the presence of people only ("With person") was slightly increased in comparison with the background concentration C BG (p = .004). However, the NTV product had no impact on the C exhaust of formaldehyde ("NTV product with person") in comparison with the C BG (p = .099) and the C exhaust "With person" (p = .176). There was no effect of having people in the room on the C exhaust of acetaldehyde ("With person") in comparison with the C BG (p = .360), nor did the NTV have an effect on the C exhaust of acetaldehyde when the "NTV with person" was compared with the C exhaust "With person" (p = .321). The presence of persons slightly raised the C exhaust of acetone when "With person" was compared with the C BG (p = .004) and the C exhaust "Without person" (p = .004), however, the NTV product had no effect on the C exhaust of acetone ("NTV with person") in comparison with the C exhaust "With person" (p = .951).
VOC measurements of C exhaust when tested "Without person", "With person", and with the "NTV product with person" were below the LOQ. The C exhaust of TVOC for the "NTV product with person" was also below the LOQ. Moreover, the C exhaust of the TVOC for the scenarios "Without person", "With person", and "Conventional cigarette with person" was quantified but the results were close to the LOQ. Having quantified the C BG for TVOCs "Without person", it can be assumed that the TVOC measured without occupancy could have originated from the experimental environment.
Each C exhaust of NTV specific compounds (propylene glycol, glycerol, and triacetin) was below the LOD. The C exhaust of CO was below LOD when the NTV product was used. The presence of people ("With person") had an effect on the C exhaust of CO 2 when compared to the background concentration C BG (p < .0001) and the C exhaust "Without person" (p < .0001)). However, the use of NTV ("NTV product with person") did not have an effect on the C exhaust in comparison with the C exhaust "With person" (p = .251).
An effect was noted when ammonia was tested in the presence of people and the C exhaust was compared to the C BG (p = .047) and to the C exhaust "Without person" (p = .049). However, the NTV product ("NTV product with person") had no effect on the C exhaust of ammonia in comparison with the C exhaust "With person" (p = .369). The C exhaust of SPM during the "NTV product with person" testing was below its measurable concentration.
The results of conventional cigarette can be summarized as follows. Each constituent increased except for propylene glycol, glycerol, triacetin, and CO 2 when compared to the mean background concentration with person.
Using the NTV product had no effect on the indoor air quality, as demonstrated by measuring ETS parameters in the "Conference room rev" simulation with base ventilation only and with doubling the puff number for NTV compared to the conventional cigarette.
3.5. Effect on indoor air quality in the "smoking lounge" Table 7 shows the results of indoor air chemical constituents for IAQ assessment in the "Smoking lounge" simulation with a ventilation rate for a smoking room (base and extra ventilations). The data were statistically tested as outlined in section 3.1.
The results for the "Smoking lounge" were similar to those for "Dining room 2 rev" and "Conference room rev".
When using the NTV product, all C exhaust measurements of ETS markers (RSP, UVPM, FPM, solanesol, nicotine, were below LOD and LOQ.
The presence of people ("With person") had no effect on the C exhaust of formaldehyde when compared to the C BG (p = .703) and to the C exhaust with no people present ("Without person") (p = .823). The NTV product ("NTV product with person") also had no effect on the C exhaust of formaldehyde in comparison with the C BG (p = .565) and the C exhaust "With person" (p = .703). The presence of people ("With person") had no effect on the C exhaust of acetaldehyde in comparison with the C BG (p = .687) and the C exhaust "Without person" (p = .616). The NTV product had no effect either on the C exhaust of acetaldehyde in comparison with the C BG (p = .631) and the C exhaust "With person" (p = .730). The presence of persons ("With person") slightly raised the C exhaust of acetone compared to the C BG (p = .034) and the C exhaust "Without person" (p = .032). However, the NTV product ("NTV with person") had no effect on the C exhaust of acetone in comparison with the C exhaust "With person" (p = .782).
The C exhaust of VOC for the scenarios "Without person", "With person", and the "NTV product with person" was below the LOQ. The C exhaust of TVOC was the same as the C BG and "NTV product with person" (not tested statistically because the C exhaust and the C BG were below LOQ). Therefore, it can be concluded that using the NTV product had no effect on the VOC and TVOC.
Each C exhaust for all NTV specific compounds (propylene glycol, glycerol, and triacetin) was below LOD.
The C exhaust of CO was also below LOD when the NTV product was used. The C exhaust of CO during cigarette smoking was below the limit of 9 ppm described in ASHRAE ® standard 62. 1-2007 (2007) . The presence of persons had an effect on the C exhaust of CO 2 "With person" compared to the C BG (p = .006) and the C exhaust "Without person" (p = .003). However, using the NTV product ("NTV product with person") had no effect on the C exhaust of CO 2 in comparison with the C exhaust "With person" (p = .903).
The presence of people "With person" had no effect on the C exhaust of ammonia compared to the C BG (p = .123) and the C exhaust "Without person" (p = .132). The NTV product ("NTV with person") had no effect either on the C exhaust of ammonia in comparison with the C exhaust "With person" (p = .708). The C exhaust of SPM "NTV product with person" was below its measurable concentration, except when cigarettes were smoked.
The results for the conventional cigarette can be summarized as follows. Each constituent level increased except for propylene glycol, glycerol, triacetin, and CO 2 when compared to the mean background concentration "with person".
Using the NTV product had no effect on the indoor air quality, as demonstrated by measuring ETS parameters in the "Smoking lounge" simulation with base and extra ventilations and with doubling the puff number for NTV compared to the conventional cigarette.
Exhalation stream from person
In this study, mainstream and sidestream emissions from the NTV product were chemically analyzed. The influence of the NTV product use on IAQ was evaluated using two different environmental simulations for an ETS free (base ventilation only) and an ETS area (base ventilation plus extra ventilation). The NTV product generated nicotine, propylene glycol, glycerol, triacetin, and ammonia, in mainstream, no constituents could be detected in sidestream. Constituents exhaled by smokers when using the NTV products had no effect on IAQ under the three different types of simulations. However, the question arose whether the IAQ would be impacted if the ventilation rates were lower than those selected in the environmental simulations. Therefore, the exhaled constituents were directly analyzed.
The results for human exhalation samples are shown in Table 8 . The amount per constituent corresponds to one exhalation. The measured data were calculated and statistically tested as described in section 3.1. Mean amounts per constituent were calculated from 23 data points. Nicotine in exhaled air was below LOD before the use of NTV. Mean nicotine levels after use were 0.185 μg/exhalation per person and close to LOQ. The nicotine amount in the exhalation contributed to 1.4% of the level per puff in mainstream, meaning that 98.6% of nicotine had been deposited or absorbed during use. Formaldehyde amounts were below LOQ before and after the use of NTV. Acetone amounts were the same before and after the use of the NTV (p = .655). For ammonia with LOQ data (no LOD data), mean amount and its 95% CI, before and after the use were calculated from data using the half value of LOQ (eight LOQ data before the use and two LOQ data after the use (marked with double asterisks "**" in Table 8) ). Ammonia concentration after the use of NTV appeared to be slightly higher than before use, however, results marked with an asterisk were the same before and after use (p = .432).
The amounts of formaldehyde, acetone, and ammonia in exhalation stream after the use of the NTV were the same as the concentration in the stream before the use. The reason would be due to absorption and/ or deposition of those constituents to the inner walls of oral cavity and human respiratory tracts.
The above results clearly show why the NTV use had no effect on IAQ, including ETS parameters, under the three types of environmental simulations when using the chamber. Since the NTV does not generate sidestream emissions, and few constituents are exhaled by consumers, its use will have a minimal impact on IAQ, even at lower ventilation rates than those used in this study. 1.1 ± 0.7 0.8 ± 0.4 0.6 ± 0.1 1.2 ± 0.9 0.2 0.5 1.2 ± 0.3 9.7 ± 6.8 8.1 ± 4.2 64.3 ± 23.5 † SPM (mg/m 3 ) < 0.01 < 0.01 < 0.01 < 0.01 Measurable low concentration of 0.01 (Uncertainty ± 10%) < 0.01 < 0.01 < 0.01 * 0.20 ± 0.03 * Abbreviations: ETS, environmental tobacco smoke; FPM, fluorescent particulate matter (expressed as scopoletin equivalents); LOD, limit of detection; LOQ, limit of quantitation; RSP, respirable suspended particles; TPM, total particulate matter; UVPM, ultra-violet particulate matter (expressed as 2,2′,4,4′-tetrahydroxybenzophenone equivalents); VOCs, volatile organic compounds; ppm, part per million volume basis; RSP, respirable suspended particles; SPM, suspended particulate matter (particle sizes equal to or below 10 μm); 95%CI, 95% confidence interval. The data collected were categorized into according to four manners criteria as follows.
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(1) If all data were higher than LOQ, arithmetic mean and its 95% CI were given, and were statistically tested by F-test for equality of variance and by t-test for significant difference (p = .05 and two-sided test). †: significant difference.
(2) If median was higher than LOQ but at least one value was below the LOQ, the median is given and its 95% CI was not mentioned. (3) If median was lower than LOQ and equal to or higher than LOD, " < LOQ″ was given.
(4) If all data were lower than LOD, " < LOD″ was given. *: Statistical tests weren't conducted because at least one value was below the LOQ. **: mean and its 95%CI were calculated using the half value of LOQ instead of LOQ data (no LOD data in both before and after use). p = .432 for the mean values of before and after the use.
